The effect of restricted diets on protein metabolism was studied in obese rats (obesity had been induced by ad libitum feeding of a diet containing 30% fat and 25% casein). The obese rats were fed on one of three restricted diets, each containing 5% fat, for 2weeks (restricted feeding groups); a high-protein diet (HPD, 50% casein), a standard protein diet (SPD, 25% casein), or a low-protein diet (LPD, 5% casein). The food intake was restricted to 5 g per day per rat. On the eleventh day, the rats were given [15N] glycine orally, and 4days later, they were killed. The restricted feeding groups all showed similar weight losses (about 100g), 2weeks after the start of the restricted diet. The 15N distribution in whole body was measured and results were compared with those of control rats given 5%-or 30%-fat diet ad libitum. The whole-body distribution of 15N in the HPD group was similar to that in the rats fed ad libitum although the diet intake was restricted. The results suggested that the amount of protein in a restricted diet is important for maintenance of protein metabolism in obese rats. Key Words obese rat, protein metabolism, [15N]glycine, 15N distri bution, restricted feeding, ad libitum feeding, 15N excretion, 15N retention In humans, the protein content of energy-restricted dietss greatly influences the protein metabolism of the whole body. Protein intake is an important point in diets for treatment of obesity (1-3). We studied the characteristics of protein metabolism in obesity using dietary-induced (high-fat diet) obese.rats. Previously, we reported nitrogen balance and body composition in these rats under energy restriction (4). It was suggested that rats fed a high-protein diet had a body composition with a higher percentage of protein and lower percentage of lipids than rats fed a standard or low level of protein. But on the energy restriction for 2weeks, there were no significant differences in body weight loss among the protein levels. The purpose of this paper 256 Y. OI et al. is to investigate the protein metabolism of obese rats in more detail. Therefore this study was done to examine the effect of protein levels with energy restriction on whole-body protein in the obese rat by use of [15N]glycine. [15N]Glycine has frequently been used as a tracer in studies of protein metabolism with the assumption that there is free distribution of the labeled nitrogen from glycine to the other amino acids (5). We studied the distribution of 15N in urine, feces, and various organs after the oral administration of [15N]glycine.
In humans, the protein content of energy-restricted dietss greatly influences the protein metabolism of the whole body. Protein intake is an important point in diets for treatment of obesity (1) (2) (3) . We studied the characteristics of protein metabolism in obesity using dietary-induced (high-fat diet) obese.rats. Previously, we reported nitrogen balance and body composition in these rats under energy restriction (4) . It was suggested that rats fed a high-protein diet had a body composition with a higher percentage of protein and lower percentage of lipids than rats fed a standard or low level of protein. But on the energy restriction for 2weeks, there were no significant differences in body weight loss among the protein levels. The purpose of this paper is to investigate the protein metabolism of obese rats in more detail. Therefore this study was done to examine the effect of protein levels with energy restriction on whole-body protein in the obese rat by use of [15N]glycine.
[15N]Glycine has frequently been used as a tracer in studies of protein metabolism with the assumption that there is free distribution of the labeled nitrogen from glycine to the other amino acids (5) . We studied the distribution of 15N in urine, feces, and various organs after the oral administration of [15N 
RESULTS

Distribution of nitrogen (mg N)
Nitrogen excretion and nitrogen retention in the whole body are shown in Fig.  1 . Nitrogen excretion in the SPD and LPD groups was significantly lower than in the other groups. That of the HPD group was similar to that of the 30%-fat group. The nitrogen retention in the whole body in the SPD and LPD groups was significantly lower than in the 5%-fat and HPD groups. There were no significant differences in the nitrogen retention between the ad libitum feeding groups (5% fat, 30% fat). Thus, the distribution of nitrogen in the HPD group was similar to that in the ad libitum feeding groups in spite of the restricted feeding.
Enrichment of 15N (atom% excess)
The enrichment of 15N in the rats is shown in Table 1 . The enrichment of 15N in the urine and the feces was higher and that in the carcass and the gastrocnemius muscle was lower than in the other tissues. The enrichment of 15N in liver, kidneys, and plasma was intermediate. The 15N enrichment in the specimens tended to rise as 
Distribution of 15N (percentage of recovery)
The distribution of 15N in the rats is shown in Table 2 . The recovery of 15N was expressed as the 15N excreted into the urine and feces and as the 15N retained into whole body as a percentage of the 15N administrated. The recovery of 15N in the urine was similar in the 5%-fat, 30%-fat, and HPD groups . Recovery in the LPD group was the lowest. There were no significant differences among 15N recovery of the feces in each group. In the LPD group, recovery in the carcass was significantly higher than in other groups. Recovery in the plasma, liver, and kidneys was higher in the SPD and LPD groups. For the other organs, recovery in the 30%-fat group tended to be higher than in the 5%-fat group, and that in the SPD and LPD groups was higher than in other groups. 15N retention in the LPD group was significantly higher than in the other groups. The 15N excretion and retention were affected by the protein content of the restricted diets. Furthermore, although the food intake was restricted, the distribution of 15N in the HPD group was similar to that in the ad libitum groups. Okuda et al. (12) reported the effect of dietary protein levels on whole-body 15N distribution in non-obese rats. Our results with obese rats were similar in that the rate of 15N retention rose as the level of protein intake decreased (12) . Sprinson and Rittenberg (13) reported the effect of protein intake on 15N excretion in healthy human subjects. They found that 15N excretion is higher during a high-protein diet feeding than during a low-protein diet feeding. We obtained similar results with obese rats on restricted diets. It seems that a high-protein intake accelerated the protein-turnover rate and that a low protein intake slowed it. From the data of these results, nitrogen retention and nitrogen balance (4), normal protein metabolism can probably be maintained if the protein level is high in a restricted diet, but not if the protein level is low. The results showed that protein metabolism in restricted feeding could be maintained at a similar level to that in ad libitum feeding if the protein intake was sufficient in spite of the restricted intake. This is because endogenous fat is used as the principal energy source (1, 2) in obese rats when their energy intake is restricted. The recovery of 15N was about 70%. Okuda et al. (12) found that the recovery of 15N from the skin and hair was about 20%. So in this study, the 15N recovery would be about 90% if the values for skin and hair were added.
DISCUSSION
Many studies of experimental animals (14) and humans (15, 16) have suggested that the protein requirement increases when low-energy diets are consumed. In our experiment, the distribution of nitrogen and of 15N in obese rats was similar to that in ad libitum feeding groups when the restricted diet contained much protein. Furthermore, in the ad libitum feeding group, the characteristics of protein metabolism in the obese rats the 15N distribution of the 30%-fat group was significantly different from that of the 5%-fat group. This result may mean that the protein turnover rate is slowed in the obese rats. Therefore, it was not clear whether protein metabolism would be maintained if non-obese rats were fed the restricted high-protein diet. In the treatment of obesity, lean tissues should be preserved and adipose tissues should be metabolized. The HPD was the most appropriate for treatment of obesity by restricted feeding in terms of nitrogen balance and body composition (4), and 15N distribution. We conclude that the high protein intake helped maintain the protein metabolism of obese rats when the energy intake was restricted for the weight reduction. Therefore, the present study confirms the conclusion of the previous report (4) on the whole-body 15N distribution. The results suggested that the amount of protein in a restricted diet is an important factor in maintenance of protein metabolism.
